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Abstract 
The problem of road traffic accidents is now becoming a cause for concern. This paper presents a simulation 
framework designed to simulate an emergency response system for highway traffic accident. It is a conceptual design 
of a real-time emergency response system. The major modules of this simulation framework include Accident 
Generation, Traffic Generation and Accident Response. The key component of this simulation framework is the 
dispatch strategy. These include the First Called, First Served strategy, the nearest origin dispatch strategy, and the 
flexible dispatch strategy. 
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1. Introduction 
The problem of road traffic accidents is now becoming a cause for concern. The emergency response 
simulation to the traffic accidents is needed. The simulation framework for traffic accident emergency 
supports the evaluation of accident response time and effect. Because of traffic accidents, traffic 
congestion and delay are significant problems in most large urban areas or rural areas since they 
substantially increase the user’s cost. 
In this paper we present a simulation framework to simulate an emergency response system for 
highway traffic accident. Several emergency response vehicle dispatching strategies are used. These 
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include the First Called, First Served strategy, the nearest origin dispatch strategy, and the flexible 
dispatch strategy. 
2. Literature Review 
The need for improved incident response models and the data available for developing such models are 
discussed in Ozbay and Kachroo[1]. Recognizing the highly stochastic nature of traffic and incident 
management operations, Pal and Sinha[2,3] introduce a simulation model that can be used in designing a 
new freeway service patrol. As well as improving the operations of existing programs, Liu and Hall[4] 
develop a computer program that simulates the occurrence of highway incidents, the dispatching of 
emergency vehicles and the traffic flow on the network. In the paper by Ozbay and Bartin[5], a simulation 
model is developed using Arena simulation package, and is used to model and examine the effects of 
various incident management strategies for the incident management operations on the Washington D.C. 
beltway network. Kim et al. [6] considered a dynamic truckload routing and scheduling problem with 
time windows operating in over-saturated conditions. 
Zografos et al.[7] developed a simulation model for studying the trade-off between freeway accident 
delay and the size of freeway emergency response fleet, and for studying the effect of alternative 
dispatching strategies on the performance of the freeway emergency response fleet. Goldberg et al. [8] 
developed a simulation model for evaluating alternative base locations for an emergency response fleet in 
Tucson, Arizona. Haghani, A., H. Hu, and Q. Tian[9,10] developed an optimization model for developing 
flexible dispatching strategies that take advantage of available real-time travel time information, and 
developed a simulation model to evaluate a real-time Emergency Medical Service (EMS) vehicle 
response system that uses real-time travel time information and assists the emergency vehicle dispatchers 
in assigning response vehicles and guiding those vehicles through non-congested routes. 
All these papers present simulation models dealing with emergency response. However, none of them 
uses dynamic traffic information links the traffic status changing, the route changing, etc. In this paper, it 
uses the dynamic traffic information. Moreover, dynamic shortest path are also taken into consideration. 
3. Simulation Framework 
An emergency response simulation provides users a powerful tool to assess current settings of an 
accident management or predict the effects of any changes to current accident. The simulation framework 
consists of three modules: Accident Generation, Traffic Generation and Accident Response Simulation. 
 
 
Fig.1. Simulation Framework for Highway Traffic Accident Emergency Response 
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3.1 Accident Generation Module 
We have to generate accidents before we can run accident response simulations. Two approaches to 
generating accidents are provided in the simulation framework. The first approach is to assume that the 
accident occurs according to a Poisson process with rate λ. It generates accidents with independent 
identically distributed exponential inter-arrival times. The second approach is based on the recent historic 
accident data. 
The accident list contains the following information: (1) location of the accident, (2) time of 
occurrence, (3) and cause of the accident. 
Table 1.The Accident Information 
Information Description of Information 
Location Where did it happen? GPS, Geographical Area, Road Line, Stake 
Time  When did it happen? Year, Month, Day: Hour, Minute 
Cause  The main cause of the accident. 
3.2 Traffic Generation Module 
For real world implementation, real-time traffic information should be available to the dispatch centre 
through communication with the transportation management centre. However, in order to run the 
simulation and test the dispatch strategies, a traffic generation module is required to build a complete 
simulation framework. The average flow for each time period is also assumed available. Typically, there 
are AM and PM peak hours for everyday. 
3.3 Accident Response Simulation 
Accident response simulation is the critical component of the whole simulation model, which triggers 
traffic simulations at the right time, updates the link travel time based on the output of traffic simulations, 
dispatches the right service vehicle to the right accidents, monitors the status of each accident under 
restoration, updates the status of accidents in the waiting list, maintains the location and the status of each 
service vehicle, simulates the freeway service patrol. 
3.3.1 Dispatch Center 
The dispatch problem of dynamic vehicle allocation and routing problem is concerned with assigning 
newly arriving request to specific response vehicle and modifying existing assignments as changes 
happen in the system. The following three dispatching strategies are used in this simulation framework[9-
11]: 
(1) First come, first serve. This dispatch strategy dispatches the service vehicle to the accident that 
occurs first. Two disadvantages characterize the First come, first serve policy. The first is that under 
heavy workloads, the time wasted in travelling causes excessive delay to clear an accident. In this 
dispatch strategy, accident sites that are on service vehicle’s may be ignored by the service vehicle which 
is assigned to an accident occurred first at a farther location. 
(2) Nearest neighbour. This dispatch strategy dispatches the service vehicle to the nearest accident. 
The Nearest neighbour policy seems to result in less waiting time for service under heavy workloads 
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because it dispatches the service vehicle to the closest location with a need for assistance, regardless of 
the time of accident occurrence and severity. 
(3) The flexible dispatch strategy. In this dispatch strategy, Service requests enter the pool of 
unassigned requests when all vehicles are busy, or the idle vehicles cannot reach the emergency spot in 
maximum required response time. At each simulation time point, the dispatch centre will optimize the 
current assignment so as to minimize total response time according to associated weights of different 
classes of emergencies. Therefore, route diversion and reassignment of vehicles to emergencies are 
allowed in this strategy. To avoid changing route or destination of vehicle so frequently that the driver 
gets confused and makes mistakes, there are minimum required improvements associated with the class of 
emergency that must be satisfied when making a change. 
 
 
Fig.2.The Structure of the Dispatch Centre 
3.3.2 Emergency Vehicle Module 
Each response vehicle in the fleet represents a working crew and provides emergency service. From a 
simulation standpoint, vehicle activities are described by keeping track of the location, the status, the 
destination and the path to destination for each vehicle. The nodes representing the vehicles are 
“temporary” and “movable”. That is, the nodes are attached and move together with the vehicles. At any 
given instant, each vehicle has an associated status. A vehicle changes status at the occurrence of certain 
events that mark the occurrence of service call or the completion of the corresponding activity. For 
instance, a vehicle status changes from “idle at station” to “on the way to an emergency spot” on 
receiving an assignment from the dispatch centre. 
3.3.3 Simulation Time 
The simulation time process is by “event” and “time increment”[10]. The process is event-driven as 
well as time-driven. When an accident happens or a vehicle changes its status, it would update related 
variables according to these events. Re-dispatching may be occurred. 
(1) Events: The events include the “accident” part and “vehicle” part. The accident part is referred to 
the “arrival” of a new accident. The “disappearance” of accident should also be included in the “vehicle” 
part, since the corresponding response vehicle will change its status once the on scene service is 
accomplished. But the accident and vehicle in the system are not independent because vehicles are 
corresponding to some accidents. 
The vehicle status change is tightly related to the accident status change. Furthermore, some vehicle 
status changes may result in the reconsideration of the dispatching decision. For instance, if a vehicle 
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finished its task and it is on its way back to depot, that means the vehicle is “free” at this point. We may 
assign it to an accident point. So the formulation and re-assignment is needed upon this event. 
(2) Time Increment: Since the traffic situation will affect the travel time and thus affect the route of 
emergency vehicles, it is necessary to check our vehicles’ route occasionally. It is also possible to change 
their destination at some points. 
3.3.4 Dynamic Shortest Path 
Finding a shortest path is a fundamental graph problem, which besides being a basic component in 
many graph algorithms, has numerous real-world applications. Most recent research in dynamic shortest 
path algorithms concentrates on discrete approaches. Ahuja, Ravindra K[12] developed a polynomial-
time dynamic shortest path algorithm for the minimum time walk problem arising in road networks. The 
algorithm for computing the dynamic shortest path between each O/D pair and each starting point is 
available in literature [13]. 
In the simulation framework, it will update the accident and vehicle information. The information for 
vehicles to update includes: the current location, the route, the destination, the time point of next status, 
current status, and next prediction status. If the position of vehicle has changed, accident response module 
will update the information matrix and shortest path. The information for an accident to update includes 
adding or removing an accident and the remaining time to the required time limit. 
4. Conclusions 
In this paper, a simulation framework is designed to simulate an emergency response system for 
highway traffic accident in order to minimize average response times associated with different types of 
accidents. Dispatch strategies were given to simulate the performance of this simulation framework under 
dynamic traffic information, accident occurrence rates and dynamic shortest path. 
This paper presents a simulation framework designed to simulate an emergency response system for 
highway traffic accident. For the future work, we can develop better realistic model that conform some of 
the real-world characteristics. It can also develop different effective algorithms for comparing the 
performance of the solution algorithms. Also, we should implement the simulation framework with 
specific simulation tools. 
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